IDENTIFICATION OF THE GENES involved in polycystic kidney disease (PKD) suggests that defects in ciliary function are a common feature (4) . In renal tubular epithelia, primary cilia on the apical surface normally protrude into the tubular lumen where they can detect fluid flow, likely due to the bending of the cilium and the triggering of calcium transients. How the lack of a central cilium and the disruption of this sensing and signaling could lead to the development of a pathologic cystic phenotype remain a very active area of investigation.
The Oak Ridge polycystic kidney mouse (ORPK), first described through collaborative efforts of Avner and Woychik (7) , displays renal cystic lesions that resemble cysts found in human autosomal recessive polycystic kidney disease (ARPKD). The phenotype arose from an insertional mutation in the Ift88 gene encoding the protein IFT88 (Polaris), a mutation that leads to the lack of a well-formed central cilium in multiple tissues. The study by Olteanu et al. (8) in this issue, a collaboration between a number of labs with complementary strengths in renal and epithelial physiology, utilizes both conditionally immortalized cortical collecting duct (CCD) principal cells (PCs) isolated from the ORPK mouse, as well as a kidney-specific conditional cilium knockout mouse generated from the ORPK mouse to assess altered renal transporter activity and polarity in these cilia-deficient cells. A previous study from this group in cilium-deficient CCD PCs reported a fourfold increase in apical epithelial Na ϩ channel (ENaC)-mediated sodium reabsorption (9) , suggesting that the ciliumsensing pathway controls ENaC activity, a potential clinically relevant finding given the early onset of hypertension that is observed in the ARPKD population (3). The current study provides evidence that Na/H exchanger 1 (NHE1), normally expressed in a polarized fashion in the basolateral membrane of CCD PCs, is expressed in both the apical and the basolateral membranes of the ORPK CCD cells. Another recent study reports that vasopressin receptors are also mislocated to the apical membrane in CD cells from the ORPK mouse (10) . These studies indicate that the lack of Polaris expression alters the polarized trafficking of membrane proteins which may lead to, directly or indirectly, elevated Na ϩ and water reabsorption in these cilium-deficient cells.
The major positive features of the Olteanu study include: 1) the use of a chamber that allowed precise independent control of the cultured CCD cells' apical and basolateral bathing fluids compartments coupled to, 2) recording of Na ϩ /H ϩ exchanger activity in real time as changes in intracellular pH using a pH-sensitive dye and, 3) implementation of multiple Na ϩ /H ϩ exchanger inhibitors and specific antibodies to identify apical NHE1, as well as, 4) the generation of a complementary HoxB7 cre-lox kidney-specific conditional cilium knockout mouse (ift88 flox/⌬ ), which allowed the study of isolated perfused, intact cortical collecting tubular function with and without ciliated PCs. These genetic studies confirmed the results of the cellular studies and went on to show that knockout mice exhibited metabolic alkalosis consistent with excessive acid excretion via apical NHE1 in the cilium-deficient PC.
PKDs are the most common primary renal genetic disorders, affecting between 1 in 400 -1,000 (over 13 million people worldwide), and producing hypertension and end-stage renal disease in children as well as adults (5). Despite major advances over the past decade in delineating the genetics and pathophysiology of PKD, therapeutic efforts are limited to treating the complications of the disease, as there is still no proven therapy for PKD (12) .
The studies of Olteanu et al. (8, 9) are relevant to the growing body of literature on the relationships between ciliary structure/function and renal epithelial transport, and may be relevant to hypertension via control of ENaC abundance. However, careful evaluation is needed before concluding that the authors' meticulous studies in the ORPK model are applicable to human PKD. We summarize central issues for the readers' consideration: 1) Data from many laboratories demonstrate that a secretory event is critical for cystic enlargement in PKD (Fig. 1) . PKD epithelia are characterized by proliferative, extracellular matrix and secretory abnormalities. In ARPKD, although cysts remain open to tubular lumens, secretion may contribute to cyst enlargement with low flow states, distal obstruction, or by as-yet unknown mechanisms (5). It is unclear from the authors' study how increased Na ϩ reabsorption (via apical NHE and ENaC) leads to a secretory phenotype. In an era of orthologous models of PKD, the value of nonorthologous models is related to their overall phenotypic similarities, specifically the welldescribed, characteristic cystic epithelial cellular phenotype of PKD (5, 11, 12) . However, the overall phenotype of the ORPK mouse may be more consistent with syndromic renal disease or "renal ciliopathies" (6) , but further comment is difficult due to the heterogeneity and diverse pathophysiology of these disorders.
2) Neither hypertension nor left ventricular hypertrophy (a pathological marker of hypertension) has been documented in the ORPK mouse on any genetic background (to our knowledge). In addition, increased activity of the renin-angiotensin system (RAS) is implicated as the major cause of hypertension in PKD, rather than elevated sodium reabsorption (2). Another critical point is that the results collected in immortalized cystic PCs from another nonorthologous model report that Na ϩ absorption via ENaC is reduced (rather than stimulated) when compared with cells from age-matched wild-type littermates (11, 13) . Reduced ENaC is consistent with both the secretory phenotype seen in PKD and elevated RAS.
3) Neither autosomal dominant (ADPKD) nor ARPKD patients have been reported to be alkalotic at any stage of their disease. Indeed, PKD patients have systemic acidosis in direct proportion to their degree of renal failure.
In sum, the authors have presented valuable new data regarding the relationship between renal cellular cilia expression and renal cellular transport. The major limitation of the study is the authors' extrapolation of data from a nonorthologous model of PKD in which neither the animal model nor the cellular phenotype is consistent with findings in human ARPKD. This collaborative group of authors is in an excellent position to take the steps to apply their elegant methodologies to characterize the transport abnormalities of PKD in orthologous models or fresh renal tissue obtained from patients with ADPKD and/or ARPKD. 
